INTRODUCTION
The investigation into the structure and properties of metals and alloys in the "solid-liquid-solid" sys tem gives a large volume of scientific data which are successfully implemented in the fabrication technolo gies of microcrystalline foundry alloys and aluminum alloys [1] . Most studies on this problem are devoted to alloys of the Al-Si system [1, 2] . In connection with this fact, investigations into the influence of the struc ture of charge metals and manufacturing factors (over heating and holding time) on the structural sensitive properties of aluminum alloys of the Al-Cu system, which are used to fabricate cast wares and deformed semifinished products, are urgent.
We investigated the influence of abovementioned factors on the density of Al-5 wt % Cu alloys applying the improved express method [3] .
EXPERIMENTAL
We investigated the influence of the structure of Al-5 wt % Cu charge billets, overheating temperature (t o ) of the melts before crystallization, and their iso thermal holding (τ h ) on the melt density in liquid (ρ L ) and solid (ρ S ) states. The alloys were prepared using aluminum ingots of the commercial purity grade of the A99 brand and cathode copper of the M0 brand.
After copper was dissolved in an aluminum melt at 740-750°C, the melt was held for 10 min and degassed with hexachloroethane. Refining was performed using the surface refining flux produced by Scientific and Production Association Evtektika, Minsk, Belarus, TU RB (Technical Specifications of Republic Belarus) 100196035. . After the melt was settled for 15 min, the slag that formed was removed from the surface, the melt was stirred, and the specimens for chemical composition were sampled. The actual cop per content in the alloy was 4.93 ± 0.02%. Pouring was performed at 700-710°C into a graphite crucible in sand shoveling, forming coarse crystalline charge bil lets (t mold = 50°C, ingot ∅30 mm, v cool ~ 0.8-1.0 K/s, C c charge) and into a roll water cooled crystallizer, forming fine crystalline charge billets (ribbon 1.5-2.0 mm thick, v cool ~ 10 3 K/s, F c charge). Abstract-The influence of the structure of charge bars, overheating temperatures, and isothermal holding time of Al-5 wt % Cu melts on their properties in solid and liquid states is investigated. It is revealed using the express method that the density of melts prepared from fine crystalline charge bars (F c charge) has reduced values compared with the melts prepared from coarse crystalline charge bars (C c charge). This peculiarity is retained over the entire studied range of overheating temperatures (760-1060°C). The influence of the structure of initial charge bars manifests itself in the second generation (after melting and crystalliza tion from the corresponding overheating temperatures): alloys fabricated from the F c charge have a smaller dendritic parameter α Al and increased density and electrical conductivity compared with the alloys made from the C c charge. It is shown that the involvement of deformed aluminum and copper waste into the charge composition provides a finely dispersed structure and increased density of Al-5 wt % Cu alloys in the solid and liquid states.
Influence of the
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FOUNDRY
The density in the solid state (ρ S ) was determined by hydrostatic weighing and electrical conductivity (γ) was determined using a VS 30N eddy current struc ture meter. A microstructure was analyzed using the SIAMS 700 software-hardware complex, evaluating the dendritic parameter for α Al (we understood the sizes of the transverse section of dendrites and their branches as the dendritic parameter in this case).
Structural parameters and properties of initial charge billets are presented in Table 1 .
Fabricated charge billets were further separately melted and melt density ρ L was determined in a tem perature range of 760-1060°C by the following proce dure. A sampler of a special design, which was made of steel 40Kh, was heated to t = 350°C in a drying oven and held at this temperature for 20 min. To prevent heat loss, the sampler was placed into a ceramic case before heating. The melt portion was poured at the test temperature from the crucible into a sampler void. The melt excess was removed by a cutter cap, which was heated along with the sampler. The prepared specimen was weighed exactly after solidification at room tem perature. The melt density was calculated as the spec imen weight to the volume of the melt poured into a chill mold:
where M cast is the specimen weight at room tempera ture, g, and V L is the volume of the melt poured into the mold void at the test temperature, cm 3 . The sam pler void volume was 37.044 cm 3 at t = 350°C accord ing to the results of preliminary measurements. According to this procedure, the melt volume in the sampler void was equated to the volume of the void itself. The actual specimen weight and sampler void volume were substituted into formula (1) calculating the alloy density in the liquid state. Standard devia tions of the density of melts by the experimental results were in a range of ±0.0036-0.0044 g/cm 3 , with an increase in values in the region of test temperatures of 860-1060°C. Density ρ S was determined for the same specimens evaluating the influence of the structure of the initial charge and overheating temperature on the mentioned physical property.
The influence of τ h on ρ L of the melts prepared from C c and F c charges was investigated at 710°C while varying the holding time in a range of 5-35 min.
We investigated the influence of the type of charge metals (Al and Cu) on the magnitude of ρ L of the Al-5 wt % Cu melts. We used aluminum ingots of com mercial purity grade of the A7 brand (99.7% Al, the rest are impurities; GOST 11069-74) and its electro technical waste in the form of wire, as well as cathode copper of the M0 brand (99.97% Cu, the rest are impurities; GOST 859-2001) and its electrotechnical waste in the form of shorts (3 mm in size) in experi ments. According to [1] , electrotechnical waste belongs to the deformed charge (D c charge) and exerts substantial hereditary influence on the structure and properties of alloys in the "solid-liquid-solid" system. The alloys were prepared according to the above described procedure. Pouring was performed into a cast iron chill mold (t mold = 50°C, rod ∅20 mm, v cool ~ 15-20 K/s).
The fabricated charge billets were separately melted and the influence of the type of charge metals and overheating on the melt density was investigated in a temperature range of 760-1060°C.
RESULTS AND DISCUSSION

Influence of the Structure of Charge Alloys and Parameters t o and τ h of the Melts on the Density in the Liquid (ρ L ) and Solid (ρ S ) States
The application of elevated cooling rates during the fabrication of charge billets promotes the formation of a more refined structure. For example, charge billet 1 (F c charge), which was fabricated at v cool ~ 10 3 K/s, has a smaller dendritic parameter of α Al compared with charge billet 2 in the solid state (see Table 1 ). The structural distinctions in turn determine the increased density ρ S and electrical conductivity γ of charge billet 1. Figure 1a shows the influence of the structure of charge billets and overheating temperature of Al-5 wt % Cu melts on their density. Polytherm ρ L of the melt fabricated from F c charge is arranged below the polytherm of the melt fabricated from C c charge (see Table 1 , alloys 1 and 2).
A similar influence of the structure of the initial charge on the density of melts of the Al-Cu system was revealed in [4] . A segment is present in density polytherms at t o = 810-910°C with a broad divergence between the values of ρ L of the melts made from C c and F c charges: Δρ L = 0.05-0.03 g/cm 3 . Values of densities converge to a level for the F c charge melt with a further increase in the overheating temperature above 960°C. This fact can be interpreted as leveling the hereditary structural information in the melt pre pared from the C c charge billet. A bend in the mono tonic decrease in the melt density is revealed at t o = 960°C in polytherm ρ L of the melt prepared from C c charge. A similar bend is also present in the density polytherm of the melt prepared from F c charge, but at an overheating temperature of 810°C (see arrows in plots).
The influence of the structure of initial charge alloys is clearly retained after their melting, overheat ing in the liquid state to 760-1060°C, and repeated crystallization (see Fig. 1b ). Density ρ S of the melt fabricated from F c charge has increased values when compared with the alloy fabricated from C c charge after similar treatments. In addition, the stable max ima of alloy densities in the solid state are fixed. They correspond to the overheating temperatures at which the bends in polytherms of density ρ L were noted (are marked by arrows in plots). However, overheating the melts above 960°C leads to a decrease in densities ρ S . The investigation into the microstructure and electri cal conductivity of alloys in the solid state also con firmed the stable conservation of the structural infor mation inherited from the initial charge billets even after overheating the melts to 1060°C and repeated crystallization ( Table 2 ).
It is seen that overheating the melts in general pro motes a decrease in the dendritic parameter of alloys in the solid state. However, its absolute values for alloys fabricated from the F c charge are smaller than with the alloys fabricated from the C c charge throughout the studied temperature range of overheat ing. An insignificant increase in electrical conductivity of alloys is observed with a decrease in the dendritic parameter, and the alloys fabricated from the F c charge have increased γ when compared with alloys fabricated from C c charge over the whole considered range. Overheating the melts above 960°C and subse quent crystallization lead to an insignificant increase in the dendritic parameter and a decrease in electrical conductivity of alloys in the solid state, which coin cides with the character of varying ρ S .
We further investigated the influence of the isother mal holding time (τ h ) at 710°C on the variation in the density of melts fabricated from charge billets 1 and 2 (see Table 1 , Fig. 2 melt surface before pouring in order to avoid its ingress into the specimen.
The character of the mutual arrangement of den sity plots for the melts fabricated from charge billets with various structures retains the tendency estab lished in experiments on the influence of overheating temperatures (see Fig. 1a ). It is noteworthy that the density of the melt fabricated from C c charge decreases more abruptly upon its holding in a range of 5-25 min. The density of this melt further insignifi cantly rises as τ h increases to 35 min, which requires additional investigations.
The density of the melt fabricated from the F c charge remains almost invariable during its holding over the whole studied temporal range. Densities of melts fabricated from C c and F c charges are close at τ h = 25-30 min. However, plots further diverge again due to the insignificant increase in density of the melt fabricated from the C c charge.
Influence of the Charge Composition and Overheating Temperatures on Density ρ L of the Melts
The influence of the composition of charges on the properties of charge melts in the solid state is shown in Fig. 3 . It is seen that alloys 4 and 5 fabricated with the involvement of 5 and 100% deformed waste are char acterized by a smaller dendritic parameter of α Al and elevated values of ρ S and γ compared with alloy 3 (0% of D c charge).
The hereditary influence of deformed waste is retained after melting alloys 3-5 and overheating in a range of 760-1060°C (Fig. 3) . It is noteworthy that the variations in ρ L for the melts fabricated from charge alloys 4 and 5 (5 and 100% of D c charge, respectively) are insignificant in range t o = 760-910°C. The density of these melts decreases abruptly as the overheating temperature increases above 910°C. Despite the fact that charge alloys 4 and 5 in the solid state had finer cast structures, their polytherms of density in the liq uid state lie above the curve of ρ L for melt 3 (0% of the D c charge). It seems likely that the features of hered itary influence of the deformed charge on the structur ally sensitive property of the melt manifest themselves in contrast with the dependences found for the melts fabricated from primary metals (Figs. 1a, 2) . A similar influence of deformed waste is established for the first time and requires additional investigations.
The features revealed in the variation in the density of melts can be associated with the presence of clus ters, the parameters of which are inherited from the initial solid state. According to data [5] , clusters of the CuAl n type (0.5 < n < 2) occur in aluminum-copper melts. The presence of such clusters is also assumed in [6] . The duration of occurrence of CuAl n clusters in Al-Cu melts is caused by the conservation of a strong interaction between different copper and aluminum atoms inherited from the initial solid state [7, 8] , which can explain the transfer of the structural infor mation in a "charge-melt-cast ware" multifactor sys tem. However, the author of [9] determines the role of clusters in the genetic interrelation of the solid and liq uid states in such a manner.
(i) Clusters are carriers of hereditary information on the type of crystalline structure and its construction method.
(ii) Clusters cannot carry information on the sizes and amount of crystalline phases in cast metal.
(iii) Conglomerates of clusters and coarser forma tions based on them (colloid cluster conglomerates and colloid microdrops) are carriers of structural information from charge metals to the cast ware.
Consequently, conglomerates of clusters of vari ous sizes can be dispersed to separate clusters of the CuAl 2 type under the effect of overheating tempera tures in the Al-Cu type melts. Such variations can manifest themselves in bends of polytherms of struc turally sensitive properties of melts, particularly the density. Such reconstructions in the structure of metallic melts can occur right up to the complete destruction of clusters, which comes at temperatures close to boiling points [10] . CONCLUSIONS (i) Al-5 wt % Cu charge billets fabricated at cool ing rates of 10 3 K/s have a smaller dendritic parameter of α Al (almost by a factor of 3.6) than those crystal lized at v cool = 0.8-1.0 K/s, which determines the higher density and electrical conductivity of alloys in the solid state.
(ii) Densities of melts fabricated from charge billets with various structures decrease as the overheating temperature increases (right up to 1060°C). However, distinctions in absolute values of ρ L are retained over the whole studied range of overheating temperatures (760-1060°C): the density of melts fabricated from F c charge alloys is smaller than the melts fabricated from C c charge.
(iii) Characteristic bends, which probably corre spond to structural reconstructions in the melts, are observed in density polytherms for the melts fabricated from the C c charge at 960 and 1060°C and for those fabricated from F c charge at 810 and 910°C.
(iv) The influence of the structure of initial charge billets manifests itself in the second generation (after melting and crystallization from the corresponding overheating temperatures): alloys fabricated from the C c charge have a smaller dendritic parameter of α Al in the solid state and elevated density and electrical conductivity when compared with the alloys fabri cated from C c charge. A positive influence of over heating in the liquid state on the dendritic parameter of the alloy fabricated from C c charge is noted: over heating to 960°C promoted a decrease in size of α Al by a factor of almost 2.0-2.5, which was also accom panied by an increase in electrical conductivity of alloys. However, overheating above 960°C led to an insignificant coarsening the structure and decreasing γ. A similar influence of overheating on the density of alloys in the solid state is also established.
(v) A minimum at τ h = 25 min with a subsequent insignificant increase is observed in the density plot when isothermally holding the melt fabricated from C c charge; the density of the melt fabricated from F c charge is almost invariable throughout the studied range of isothermal holdings (5-35 min).
(vi) The presence of deformed charge metals (alu minum and copper) in the charge composition posi tively affects the structure and properties of initial alloys, and the minimal dendritic parameter of α Al and maximal levels of density and electrical conduc tivity are characteristic of the alloy fabricated with the addition of 5% D c charge (in the form of copper shorts.
(vii) The charge composition exerts a hereditary influence on the density of melts in a temperature range of 760-1060°C; the melts fabricated applying the D c charge have higher density when compared with the melt fabricated from primary metals.
(viii) The experimental results allow us to conclude that the charge structure strongly hereditarily influ ences the properties of alloys in solid and liquid states. Consequently, the structural heredity of the initial solid state is not eliminated completely even upon overheating to 1060°C. The established features of the influence of the structure of charge metals and alloys should be taken into account in industrial technolo gies of fabricating alloys and manufacturing cast wares from them. 
